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Abstract: This study aims to assess rehabilitation needs and provision of rehabilitation services for
individuals with moderate-to-severe disability and investigate factors influencing the probability of
receiving rehabilitation within six months after traumatic brain injury (TBI). Overall, the analyses
included 1206 individuals enrolled in the CENTER-TBI study with severe-to-moderate disability.
Impairments in five outcome domains (daily life activities, physical, cognition, speech/language, and
psychological) and the use of respective rehabilitation services (occupational therapy, physiotherapy,
cognitive and speech therapies, and psychological counselling) were recorded. Sociodemographic
and injury-related factors were used to investigate the probability of receiving rehabilitation. Physio-
therapy was the most frequently provided rehabilitation service, followed by speech and occupational
therapy. Psychological counselling was the least frequently accessed service. The probability of
receiving a rehabilitative intervention increased for individuals with greater brain injury severity
(odds ratio (OR) 1.75, CI 95%: 1.27–2.42), physical (OR 1.92, CI 95%: 1.21–3.05) and cognitive problems
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(OR 4.00, CI 95%: 2.34–6.83) but decreased for individuals reporting psychological problems (OR
0.57, CI 95%: 1.21–3.05). The study results emphasize the need for more extensive prescription of
rehabilitation services for individuals with disability. Moreover, targeted rehabilitation programs,
which aim to improve outcomes, should specifically involve psychological services to meet the needs
of individuals recovering from TBI.
Keywords: rehabilitation needs; traumatic brain injury; disability; outcome
1. Introduction
Physical, cognitive and emotional problems after traumatic brain injury (TBI) may
cause physical, behavioral and psychosocial impairments, work disability [1], and an
overall reduction in health-related quality of life [2]. These problems require a wide range
of rehabilitation services delivered to both inpatients and outpatients after TBI by medical,
allied health and social care professionals. Such services include nursing services, physical
therapy, occupational therapy, psychological and neuropsychological services, speech
therapy, social worker aid, vocational services, and more [3].
TBI rehabilitation is beneficial in that it improves patients’ functional outcomes beyond
those expected from spontaneous recovery [4,5]. The key criteria for successful health and
rehabilitation services are the inclusion of, and access to, well-coordinated multidisciplinary
processes, which address the varying needs of patients with TBI [5,6]. Despite this, existing
studies of rehabilitation needs and the use of rehabilitation services following TBI indicate
a lack of multidisciplinary rehabilitation services during acute care [7,8]. Furthermore,
traditional rehabilitation services, such as physical, occupational, and speech and language
therapies are far more likely to be used than psychological counselling during the first three
months post-TBI [3] or during the post-acute care after severe TBI [9]. As a result, more
than one-third of patients may present unmet rehabilitation needs in the long-run following
TBI [10]. These unmet needs may be attributable to the prevailing community-level
approach where rehabilitation consists of interventions focusing on physical functioning,
rather than a systematic multidisciplinary approach based on individual needs [11]. A lack
of resources allocated for rehabilitation of variable post-injury needs likely also contributes.
Service utilization may vary based on demand and specific needs across different
demographics and injury severity characteristics, and service provision and access may
further vary across regions and countries. Studies determining the predictive value of
socio-demographics on the use of rehabilitation services after TBI show contradictory
results. Some report sex differences in service utilization, such as higher healthcare use
among females [7,10]. In other studies, however, males received more services [12], or no
correlation between sex and service utilization was observed [3,9]. Furthermore, some stud-
ies report that younger individuals more often received rehabilitation after TBI [10,12,13],
while others report that older individuals more often received such services [14,15]. More
frequent service utilization has been reported to be more frequent among patients after
severe TBI [7,16,17], among those with more severe overall trauma [7] and in those with
more severe disabilities [16]. Other studies report that unmet rehabilitation needs were
significantly higher in individuals with a less severe disability outcome [10].
Johnstone et al., report that geographical regions might influence access to TBI re-
habilitation services [18], which may explain the presence of contradictory study results.
Supporting this, a survey study by Cnossen et al. found substantial variation in the general
policies governing the structure and process of acute in-hospital rehabilitation and referrals
to post-acute rehabilitation among the European neurotrauma centers [13]. However, most
studies on rehabilitation needs and the use of rehabilitation services are conducted within
the United States (USA) [19], and few occur outside the USA [7,9,20]. Therefore, to improve
the service provision, a better understanding of rehabilitation needs and culture- and
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country-related differences is required. To gain this understanding, additional studies must
be conducted in a diverse range of countries.
To this end, the Collaborative European NeuroTrauma Effectiveness Research in
TBI (CENTER-TBI) [21] observational study was conducted from 2014 to 2017 in Europe
and Israel. A recently published paper from this large multicenter study including all
injury severity levels reported the prevalence of rehabilitation use to be 32.4% in the
first year after TBI across the European countries and identified predictors of access to
rehabilitation following TBI [7]. However, an assessment of the specific rehabilitation
needs and service provision among sub-group of individuals with functional impairments
and moderate-to-severe disability outcomes according to the Glasgow Outcome Scale—
Extended (GOSE) [22] has not yet been performed. This subgroup was chosen as this
impairment level is considered to generate needs for rehabilitation. Such a study is essential
for further development of best practices for TBI rehabilitation service provision and
delivery in Europe.
The aims of this study were as follows:
1. To assess the rehabilitation needs and provision of rehabilitation services for individ-
uals exhibiting TBI-related impairments and disability across Europe during the first
six months post-injury.
2. To investigate whether sociodemographic, premorbid, and injury-related factors
predict the probability of receiving rehabilitation services at three and six months
after injury.
Based on previous studies, we hypothesized that:
1. There will be a high percentage of rehabilitation needs among individuals with
TBI-related impairments and disabilities in the first six months following TBI.
2. There will be an association between the probability of receiving rehabilitation and
age, sex, injury severity, comorbidities, and geographical regions.
2. Methods
2.1. Study Design
Participants were recruited from the CENTER-TBI project, a multicenter, prospective
observational longitudinal cohort study that aims to better characterize TBI and to identify
the most effective interventions for managing TBI [21]. The core study enrolled patients
with all TBI severities from 18 countries (Austria, Belgium, Denmark, France, Finland,
Germany, Hungary, Israel, Italy, Romania, Serbia, Spain, Sweden, Latvia, Lithuania, Nor-
way, the Netherlands, and the United Kingdom) and 65 participating centers between
19 December 2014 and 17 December 2017. Inclusion criteria were a clinical diagnosis of
TBI, an indication for a computed tomography (CT) scan and presentation to a medical
center within 24 h of injury. Individuals were excluded if they had a severe pre-existing
neurological disorder that could bias outcome assessments. Three strata were used to
prospectively differentiate patients by clinical care pathway: emergency room (ER; patients
evaluated in the ER and discharged afterwards), admission (patients admitted to a hospital
ward), and intensive care unit (ICU; patients who were initially admitted to the ICU). The
main descriptive findings of CENTER-TBI have been published elsewhere [23].
This study is a part of Work Package 14 (WP-14), aimed at describing optimal ways to
provide different levels of care to individuals after TBI. The complex issue of rehabilitation
is a major focus of this WP. Thus, the assessments included in the current study were from
the original CENTER-TBI study.
2.2. Participants
To assess rehabilitation needs, 1206 individuals over 16 years of age were selected from
the 17 European countries involved in the CENTER-TBI project. Participants from Israel
(n = 11) were excluded as this study assesses the rehabilitation needs across the Europe.
All selected individuals showed TBI-related moderate-to-severe disability outcome—as
measured by the GOSE score—at their six-month follow-up appointment. The GOSE
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score consists of an eight-point scale (1: dead, 2: vegetative state, 3/4: lower/upper
severe disability, 5/6: lower/upper moderate disability and 7/8: lower/upper good
recovery) and is based on structured clinical interviews or self- or proxy- ratings. Besides
the GOSE, the patient- or proxy-reported version of the GOSE questionnaire (GOSE-
Q) [24] administered by postal mail was used to collect information on disability outcomes.
The GOSE-Q score was centrally computed, combined with the GOSE interview score
and integrated into the CENTER-TBI database. As the questionnaire version does not
distinguish between vegetative state and lower severe disability categories, the two were
collapsed into one group. The present study includes individuals exhibiting lower-severe
to upper- moderate disability outcomes six-months post-injury. For the regression analyses,
only those individuals who provided information on received rehabilitation services and
impaired outcomes were selected resulting in an effective sample size of 512 individuals.




Figure 1. Sample attrition flowchart.
J. Clin. Med. 2021, 10, 1035 5 of 18
2.3. Instruments
2.3.1. Sociodemographic, Premorbid, and Injury-Related Data
Sociodemographic and injury-related data were collected at the study’s inception.
Data included sex (female or male), age in years, years of education, living situation (alone
or not alone) and work participation (employed, unemployed, and other—i.e., retired,
studying, or homemaker).
The geographical region was determined by the country of the participating sites.
Based on the EU Vocabularies (EuroVoc) classification [25], countries were stratified into
Western (Austria, Belgium, France, Germany, The Netherlands and the United Kingdom);
Southern (Italy and Spain); Northern (Denmark, Finland, Latvia, Lithuania, Norway and
Sweden); and Central and Eastern Europe (Hungary, Romania, and Serbia). Due to the
small number of participants, Southern and Eastern European regions were collapsed into
one group.
Premorbid somatic health status was assessed according to the classification of the
American Society of Anesthesiologists Physical Status Classification System [26]. This
classification originally comprised four groups: healthy, mild systemic disease, severe
systemic disease and severe systemic disease with constant threat to life. The latter two
were collapsed into one category (termed severe systematic disease) due to a low number
of cases.
Injury-related information covered: (i) the injury mechanism (e.g., road traffic accident,
falls, other); (ii) clinical care pathways (ER, ward, and ICU); (iii) TBI severity as measured
by the Glasgow Coma Scale (GCS [27] within the first 24 h after injury as both a continuous
variable and classified into mild (13–15), moderate (9–12), and severe (3–8); (iv) the presence
of intracranial injuries on the first CT scan (absent/present); (v) the Abbreviated Injury
Scale [28] (AIS; Brain injury AIS, score ≥ 3 considered as severe intracranial injury), and (vi)
overall injury severity as measured by the Injury Severity Score (ISS) [29]. The ISS ranges
from 0 (no trauma) to 75 (not survivable) and a score > 15 is considered major overall
trauma [30].
2.3.2. Assessment of Rehabilitation Needs
For the assessment of rehabilitations needs, the following five outcome domains
were identified: problems with activities of daily life, physical, cognitive, speech and
psychological problems.
Problems with activities of daily life were measured using the scale Daily Life and
Autonomy of the Quality of Life after Brain Injury Scale (QOLIBRI) [31,32] with a cut-off
score of 60 and lower scores indicating impairment.
Physical problems covering mobility (e.g., problems with mobility or walking) and
movement ability (e.g., problems with movement of the hands or arms) were self-reported
and assessed by two questions from the Participant Questionnaire of the CENTER-TBI
project. Individuals who responded affirmatively to at least one yes/no question were
considered impaired.
Problems with cognition were measured using three questions from the Rivermead
Post-Concussion Symptoms Questionnaire (RPQ) [33]. ‘Forgetfulness, poor memory’, ‘poor
concentration’ or ‘taking longer to think’ were rated at least as mild ≥2 [34]. Individuals
who reported at least one of these symptoms were considered impaired.
Problems with speech and language were measured using the yes/no question ‘problems
with speaking or understanding others’ in the Participant Questionnaire mentioned above.
Psychological problems were considered to be present if at least one of the following
outcomes was rated as impaired:
(i) Post-traumatic stress disorder (PTSD) was captured by the Posttraumatic Stress Disorder
Checklist-5 (PCL-5) [35]. The PCL-5 measures 20 symptoms of PTSD based on the
Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) [36] using
a five-point Likert scale (from 0, ‘not at all’, to 4, ‘extreme’). The total score ranges
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from 0 to 80, with higher values indicating greater impairment. A cut-off value of 33
was applied to determine clinically relevant PTSD [37].
(ii) Depression was assessed with the Patient Health Questionnaire (PHQ-9) [38]. The
PHQ-9 assesses symptoms of depression using nine items and a four-point Likert
scale (from 0 ‘not at all’ to 3 ‘nearly every day’). The PHQ-9 total score ranges from
0 to 27, with higher values indicating greater impairment. A cut-off value of 10 was
applied to determine clinically relevant depression [38,39].
(iii) Anxiety was assessed with the self-reported Generalized Anxiety Disorder seven-item
scale (GAD-7) [40]. The GAD-7 uses seven items and a four-point Likert scale (from
0 ‘not at all’ to 3 ‘nearly every day’). The total score ranges from 0 to 21. Higher values
indicate greater impairment, with a cut-off value of 10 indicating impairment [40].
2.3.3. Professional Help and Rehabilitation Services
Information concerning professional help and rehabilitation services provided after
TBI was based on self-report. Participants were asked to report any specialized profes-
sional help they received because of the TBI, including help for problems with speaking
(e.g., speech therapy), memory or attention (e.g., cognitive rehabilitation), problems with
movements (e.g., physiotherapy), help for problems with looking after themselves (e.g.,
occupational therapy), emotional difficulties, behavioral regulation and fatigue (e.g., psy-
chological services). Multiple answers were allowed. Participants were then asked to
utilize the following response categories to describe the rehabilitation they received be-
cause of the TBI with the following response categories: inpatient/residential rehabilitation,
out-patient/community rehabilitation, or no rehabilitation. This information contained no
reference to the impaired outcome domains.
2.4. Statistical Analyses
2.4.1. Unmet Rehabilitation Needs
First, we identified rehabilitation needs at three and six months after TBI using the
methods and instruments described above. The amount of professional help and reha-
bilitation services provided was measured using the ratio of total impaired individuals
versus individuals who had received professional or rehabilitation services. Individuals
with impairments who did not receive inpatient/residential or outpatient/community
rehabilitation services were considered to have unmet rehabilitation needs.
To provide an overview of these unmet rehabilitation needs, we classified the ratio
into three groups based on the following the cut-off values: covered needs (75% or more of
the impaired individuals receiving respective services), semi-covered needs (less than 75%
but more than 25% of impaired individuals receiving respective services), and uncovered
needs (less than 25% receiving respective services). Coverage of rehabilitation needs is
provided per outcome category. For example, if a person reported problems with activities
of daily living and psychological problems but received only occupational rehabilitation
and no psychological treatment, his or her needs were covered to 100% in the “activities of
daily life” outcome category and not covered in the “psychological problems” category. If
each person who reported an impairment in a category received appropriate rehabilitation,
the total coverage was 100%. Based on the results of this classification, the coverage of
rehabilitation needs was subsequently ranked according to the five outcome domains at
three and six months after TBI, respectively.
Differences between timepoints were examined using chi-square tests with Bonferroni-
corrected p-values for multiple outcome comparisons (e.g., αadj = 0.05/5 = 0.01 for the five
outcome domains or αadj = 0.05/4 = 0.0125 for the four recovery status groups).
2.4.2. Prediction of Probability of Receiving Rehabilitation
Logistic regression was applied separately to predict the probability of receiving
rehabilitation at three and six months post-injury adjusting for factors suggested by
previous research. The dependent variable represents provided rehabilitation services
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(0 = no rehabilitation vs. 1 = inpatient or outpatient rehabilitation). Nineteen independent
variables include sociodemographic information at baseline (sex, age, living situation,
years of education, employment status, and geographical region); premorbid health status
(overall health and mental health); injury-related factors such as injury cause, clinical care
pathways, TBI severity (GCS, abnormalities on the first CT scan, brain injury) and overall
injury severity. In addition, impairments in the five outcome domains were included.
The following steps were performed to run the regression analyses. First, the missing
values in the predictor variables (varying from 1% for the premorbid health status to 19%
for the number of education years) were imputed using multivariate imputation by the
chained equations (MICE) procedure [41]. The MICE procedure is a multi-step approach
that is able to account for the influence of multiple factors simultaneously and impute
missing values based on variable type (e.g., continuous, dichotomous, or polytomous) [42].
Missing values are imputed by applying a series of corresponding regression models
multiple times and using pooled data for target analyses to avoid bias [41]. Second, the
initially defined model was estimated. Factors contributing to the probability of receiving
rehabilitation were chosen according to the backward stepwise Akaike’s information
criterion (AIC) procedure with a liberal p-value of 0.157 corresponding to a predictor with
1 degree of freedom. While the regression model was defined based on previous research,
a liberal p-value was used to justify variable selection for the final model reported [43].
A bootstrapping validation procedure assessed the goodness of fit on the imputed data
providing optimism-corrected fit indices. Nagelkerke’s R2 [44] was used to assess whether
the estimated model differed from a hypothetical null-model without any predictors. The
Nagelkerke’s R2 ranges from 0 to 1 with higher values indicating the relative improvement
of the estimated model compared to a null model. The area under the receiver operating
(ROC) curve (AUC), which corresponds to the c-statistic [45,46], was used to assess model’s
ability to distinguish between individuals who received rehabilitation services and those
who did not. AUC values from 0.70 to 0.80 were considered acceptable, while values over
0.80 were considered excellent and over 0.90 were considered outstanding [47].
All analyses were performed with the R version 4.0.2 [48] using the packages ‘mice’ [49]
for the missing values imputation and ‘psfmi’ [50] for the model estimation, selection of
potential predictors, and bootstrapping validation. The alpha level was set at 0.05 except




The study sample (N = 1206) consisted of majority males (67.7%) and had a mean age
of 49.3 (SD = 18.9 years, Mdn = 50, IQR = 77). Half of the participants had at least 13 years
of education and were employed (52.5%) at the time of the injury, and half were residents
of Western European countries (49.2%). Most individuals (52.4%) reported no somatic
health problems and no psychological problems (80.3%) prior to TBI. Road traffic accidents
(45.6%) were the most common cause of TBI, and most of patients with TBI were admitted
to the ICU (71.2%). Of the sample group, 49.1% sustained a mild TBI, 11.7% sustained a
moderate and 35.2% a severe TBI. Finally, 62.2% showed abnormalities on the first CT-scan
(Table 1).
3.2. Rehabilitation Needs
Almost all participants had at least one impaired outcome at both three and six months
post-TBI (91% and 89%, respectively). Over 40% reported suffering from at least two or
three impairments, and nearly 9% were impaired in all five areas (problems with activities
of daily life and physical, cognition, speech, and language and psychological problems) at
three and six months after TBI.
J. Clin. Med. 2021, 10, 1035 8 of 18









M (SD) 49.3 (18.9)
Md [Min, Max] 50.0 [16.00, 93.00]
Missing 0 (0%)
Education in years
M (SD) 13.1 (3.84)









Not alone 255 (21.1%)
Missing 3 (0.2%)
Geographical regions
Western Europe 593 (49.2%)
Northern Europe 306 (25.4%)
Southern/Eastern Europe 307 (25.5%)
Premorbid somatic health status
Healthy 632 (52.4%)
Mild disease 417 (34.6%)
















M (SD) 4.66 (1.17)












M (SD) 3.82 (1.25)
Md [Min, Max] 4.00 [1.00, 6.00]
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Total ISS
M (SD) 27.7 (16.2)
Md [Min, Max] 25.0 [1.00, 75.0]
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Total 1206 (100%)
Note. Percentages may contain rounding errors in the second decimal place. M = mean; SD = Standard deviation; Md = median;
Min = minimum; Max = maximum; Employment status = employed (full-time employed, part-time employed, on sick leave, spe-
cial/sheltered employment), unemployed (looking for work, unemployed, unable to work), other (retired, student/school-going, home-
maker); Geographical regions = Western Europe (Austria, Belgium, France, Germany, the Netherlands, United Kingdom); Northern Europe
(Denmark, Finland, Latvia, Lithuania, Norway, Sweden); Southern/Eastern Europe (Italy, Spain, Hungary, Romania, Serbia); Premorbid
somatic health status is based on the ASA-PS classification; ER = emergency room; ward = admission to hospital ward; ICU = intensive care
unit; CT = computed tomography; AIS = Abbreviated Injury Scale; ISS = Injury Severity Score.
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Table 2 summarizes the distribution of N = 1206 individuals with GOSE scores from
2/3 to 6 and outcome domains at three and six months after TBI, respectively. At three
months after TBI, participants mostly exhibited difficulties with physical problems closely
followed by cognitive problems. At six months, cognitive problems were more frequently
reported than physical problems (with approximately half of the participants reporting
cognitive problems). Other outcome areas were nearly equally distributed at three and six
months after TBI with speech and language problems showing the lowest frequency of
impairments. Across all time points and all outcome domains, individuals admitted to the
ICU exhibited the highest degree of impairment.
Table 2. Impairment in the different outcome areas at three and six months after TBI.
Outcome Type Impairment Three Months Six Months p
N (%) N (%)
Problems with activities of daily life
Not impaired 283 (23.5%) 361 (29.9%)
0.01Impaired 411 (34.1%) 400 (33.2%)
Missing 512 (42.5%) 445 (36.9%)
Physical problems
Not impaired 289 (24.0%) 333 (27.6%)
0.06Impaired 506 (42.0%) 480 (39.8%)
Missing 411 (34.1%) 393 (32.6%)
Cognition problems
Not impaired 209 (17.3%) 215 (17.8%)
0.41Impaired 498 (41.3%) 567 (47.0%)
Missing 499 (41.4%) 424 (35.2%)
Speech and language problems
Not impaired 579 (48.0%) 607 (50.3%)
0.49Impaired 215 (17.8%) 207 (17.2%)
Missing 412 (34.2%) 392 (32.5%)
Psychological problems
Not impaired 411 (34.1%) 454 (37.6%)
0.70Impaired 277 (23.0%) 292 (24.2%)
Missing 518 (43.0%) 460 (38.1%)
Note. Percentages may contain rounding errors in the second decimal place. N = number of observations; % = percentage; Problems with
activities of daily life (QOLIBRI scale Daily Life and Autonomy, score > 60); Physical problems (problems with mobility/walking, problems
with moving arms and hands); Cognition problems (RPQ: ‘Forgetfulness, poor memory’ or ‘Poor concentration’, or ‘Taking longer to think’;
score ≥ 2); Speech/language problems (problems with speaking or understanding others); Psychological problems (one of the following
outcomes considered impaired according to the respective cut-off scores: PTSD: PCL-5 score ≥ 33; Depression: PHQ-9 score ≥ 10; Anxiety:
GAD-7 score ≥ 10); p = p-values are obtained from the chi-square tests and are significant at <1% (Bonferroni-adjusted alpha level for
multiple comparisons: 0.05/5).
3.3. Coverage of Rehabilitation Needs
Table 3 presents information on the type of rehabilitation services provided in the
defined outcome domains. At three and six months, physiotherapy was the most fre-
quently prescribed service (66% and 71%, respectively) followed by speech (39% and 43%,
respectively) and occupational therapy (37% and 43%, respectively). Approximately 33%
of patients with cognitive problems at three months and 37% at six months self-reported
that they received cognitive rehabilitation. Psychological services, including professional
help with anxiety, depression, stress, behavioral problems and fatigue, were provided to
approximately 26% and 30% of the individuals who reported psychological problems at
three- and six-months assessments, respectively.
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Table 3. Professional help provided for patients with impaired outcomes at three and six months.
Outcome Type Type of
Professional Help
Three Months Six Months
p







therapy 411 153 37% 400 170 43% 0.34




rehabilitation 498 166 33% 567 212 37% 0.02
Speech and




services 277 73 26% 292 89 30% 0.21
Note. Impaired = number of individuals considered impaired according to the respective cut-offs; Help provided = number of individuals
received respective rehabilitation services based on self-report; % = relative frequency of individuals received respective rehabilitation
services; p = p-values are obtained from the chi-square tests comparing distributions of provided professional help between three and six
months and are significant at <1% (Bonferroni-adjusted alpha level for multiple comparisons: 0.05/5).
Irrespective of the outcome area impaired, individuals admitted to the ICU partici-
pated more frequently in in-patient rehabilitation programs at both time points. In contrast,
out-patient treatments were used by those admitted to the ER and then discharged, fol-
lowed by individuals treated in the hospital ward (see Table A1 in Appendix A).
Overall, at both time points rehabilitation needs were semi-covered across all outcome
domains (i.e., between 25% and 75% of those impaired received the necessary support)—
the only ranking difference between the time points involved occupational and speech
therapies. While occupational therapy was a more frequent part of the rehabilitation
program component at three months post-TBI, speech therapy was more highly ranked
at six months. At each time point, psychological services were the least frequent service
provided relative to documented impairment. For details, see Figure 2.
Of the 1206 participants, approximately 30% received inpatient rehabilitation at three
and six months after TBI, irrespective of the impaired outcome domains. Individuals
admitted to the ICU displayed the highest rate of involvement in rehabilitation programs
(35% and 39% at three and six months, respectively). At three months post-TBI, 13% of
individuals admitted to a hospital ward participated in inpatient rehabilitation programs,
whereas at six months after TBI, only 8% received inpatient treatment. Among all groups,
individuals admitted to the ER and subsequently discharged showed the lowest percentage
of participation in rehabilitation programs with 2% and 5% at three and six months, respec-
tively. Overall, about 15% of participants received outpatient rehabilitation regardless of
the impaired outcome domains. Individuals admitted to the ER and then discharged (17%
and 20% at three and six months, respectively) were closely followed by those admitted
to a hospital ward (14% and 18%) in terms of the frequency with which they received
outpatient rehabilitation services. Approximately 12% and 14% of those admitted to the
ICU took part in outpatient rehabilitation programs at three and six months, respectively.
Around one-fourth did not take part in any rehabilitation programs. Nearly one-third
provided no information on rehabilitation treatments at each time point with individuals
admitted to the ICU showing the highest number of missing values (37% and at 34% at
three and six months, respectively). For details, see Table A1 in Appendix A.
The group of individuals with low recovery status (GOSE scores of 2/3) had the high-
est number of missing values (i.e., no information regarding rehabilitation was available).
Still, the lower the GOSE score, the lower was the likelihood of outpatient rehabilitation.
For further details, see Table 4.
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Table 4. Rehabilitation services received at there and six months (total and split by recovery status at six months).
Recovery Status Rehabilitation
Three Months Six Months p
N (%) N (%)
Total
No 306 (25.4%) 276 (22.9%)
0.07 ‡In-patient 341 (28.3%) 356 (29.5%)
Out-patient 150 (12.4%) 183 (15.2%)
Missing 409 (33.9%) 391 (32.4%)
Total 1206 (100.0%) 1206 (100.0%)
GOSE 2/3 (vegetative state/lower severe disability)
No 30 (9.7%) 18 (5.8%)
0.05 †In-patient 103 (33.3%) 93 (30.1%)
Out-patient 9 (2.9%) 18 (5.8%)
Missing 167 (54.0%) 180 (58.3%)
Total 309 (100.0%) 309 (100.0%)
GOSE 4 (upper severe disability)
No 35 (20.1%) 33 (19.0%)
0.34 †In-patient 51 (29.3%) 68 (39.1%)
Out-patient 14 (8.0%) 23 (13.2%)
Missing 74 (42.5%) 50 (28.7%)
Total 174 (100.0%) 174 (100.0%)
GOSE 5 (lower moderate disability)
No 95 (28.0%) 75 (22.1%)
0.12 †In-patient 100 (29.5%) 98 (28.9%)
Out-patient 52 (15.3%) 67 (19.8%)
Missing 92 (27.1%) 99 (29.2%)
Total 339 (100.0%) 339 (100.0%)
GOSE 6 (upper moderate disability)
No 146 (38.0%) 150 (39.1%)
0.89 †In-patient 87 (22.7%) 97 (25.3%)
Out-patient 75 (19.5%) 75 (19.5%)
Missing 76 (19.8%) 62 (16.1%)
Total 384 (100.0%) 384 (100.0%)
Note. Percentages may contain rounding errors in the second decimal place. N = number of cases, % = percentage p = p-values are obtained
from the chi-square tests comparing distributions of provided rehabilitation services at three and six months and are significant at ‡ <5%
and at † <1.25% (Bonferroni-adjusted alpha level for multiple comparisons: 0.05/4).
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Table 5 presents information regarding rehabilitation type (no rehabilitation, in- or
outpatient services) provided for patients with impaired outcomes. The data includes no
information about the primary reason for the rehabilitation (e.g., mobility issues, cognitive
and communication problems, or both).
Table 5. Rehabilitation provided to patients with impaired outcomes.
Imapired Outcome Rehabilitation ‡ Three Months Six Months p
Problems with activities of daily life
No 153 (37.2%) 116 (29.0%)
0.03In-patient 164 (39.9%) 178 (44.5%)
Outpatient 82 (20.0%) 98 (24.5%)
Missing 12 (2.9%) 8 (2.0%)
Physical problems
No 175 (34.6%) 145 (30.2%)
0.06In-patient 240 (47.4%) 223 (46.5%)
Outpatient 87 (17.2%) 110 (22.9%)
Missing 4 (0.8%) 2 (0.4%)
Cognition problems
No 182 (36.5%) 170 (30.0%)
0.05In-patient 200 (40.2%) 236 (41.6%)
Outpatient 105 (21.1%) 146 (25.7%)
Missing 11 (2.2%) 15 (2.6%)
Speech and language problems
No 62 (28.8%) 51 (24.6%)
0.06In-patient 118 (54.9%) 104 (50.2%)
Outpatient 34 (15.8%) 52 (25.1%)
Missing 1 (0.5%) 0 (0.0%)
Psychological problems
No 123 (44.4%) 108 (37.0%)
0.19In-patient 96 (34.7%) 109 (37.3%)
Outpatient 53 (19.1%) 68 (23.3%)
Missing 5 (1.8%) 7 (2.4%)
‡ Note that the type of rehabilitation is independent of the impaired outcome. Note. Percentages may contain rounding errors in the second
decimal place. p = p-values are obtained from the chi-square tests comparing distributions of provided rehabilitation services at 3 and
6 months and are significant at <1% (Bonferroni-adjusted alpha level for multiple comparisons: 0.05/5).
3.4. Prediction of the Probability of Receiving Rehabilitation
Since there was almost no difference in the three- and six-months prediction results,
only the six months results are reported here.
At six months post-TBI, a more severe TBI (i.e., lower GCS and higher Brain Injury
AIS), the presence of physical and cognitive problems, and the absence of psychological
problems contributed significantly to a higher probability of receiving rehabilitation ser-
vices. The total ISS and clinical pathways (ER, ward, and ICU) were included in the model
according to the stepwise AIC procedure, but they generated no significant results. The
corrected AUC/c-statistic produced the value of 0.84 (optimism correction of −0.01), indi-
cating a strong model with excellent discriminating ability [47]. According to the model,
individuals who had received rehabilitation had a higher predicted probability (i.e., 84%)
to be identified as such than individuals who had not received rehabilitation. The corrected
pseudo R2 = 0.42 (optimism correction of −0.01) indicated prediction improvement from
the null model to the final model. For more details, see Table 6.
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Table 6. Results of the logistic regression (final model).
Variable/Category ReferenceGroup Estimate S.E. p OR CI 2.5% CI 97.5%
Intercept - 1.38 0.80 0.086 3.99 0.82 19.29
GCS - −0.24 0.04 <0.001 0.79 ‡ 0.72 0.86
Brain Injury AIS - 0.56 0.16 0.001 1.75  1.27 2.42
ISS - −0.02 0.01 0.063 0.98 0.96 1.00
Physical
problems - 0.65 0.24 0.006 1.92
 1.21 3.05
Cognition - 1.39 0.27 <0.001 4.00  2.34 6.83
Psychological
problems - −0.56 0.25 0.026 0.57
‡ 0.35 0.93
Ward ER −0.86 0.44 0.052 0.42 0.18 1.00
ICU ER −0.38 0.55 0.499 0.69 0.23 2.04
‡ Lower probability of receiving rehabilitation services;  higher probability of receiving rehabilitation services;
Note. Estimate = regression coefficient; S.E. = standard error; p = p-value; OR = odds ratio; CI 2.5% = lower
bound of the 95% confidence interval; CI 97.5% = upper bound of the 95% confidence interval; bold p-values
are significant at 5% α-level; GCS = Glasgow Coma Scale; Brain Injury AIS = Abbreviated Injury Scale, Brain
Injury severity; ISS = total Injury Severity Score; ER = emergency room; ward = admission at hospital ward;
ICU = intensive care unit.
4. Discussion
The present study is, to our knowledge, the first study to assess rehabilitation needs
and the use of rehabilitation services in individuals with moderate-to-severe disability after
TBI from the European perspective.
We chose to focus on the more severe spectrum of the TBI population as their reha-
bilitation needs are unequivocal [51]. The male predominance is in accordance with the
epidemiologic characteristics of this population [52], and the median age of 50 years is
representative for the CENTER-TBI population [23]. Close to half of the present population
had pre-existing somatic conditions and 10% of these had more severe somatic problems. In
the CENTER-TBI context, the GOSE score assesses the overall functional problems in con-
trast to the original use of GOSE which evaluated only TBI-related disability outcomes [53].
Distinguishing the TBI-related disability from the overall disability may be a challenge,
and the present analyses stress the different impairments in functioning.
Consistent with our first hypothesis, rehabilitation needs were reported by 90% of
individuals, and these often presented within several outcome domains. However, the
needs were only semi-covered across all outcome areas. Cognitive impairments were most
common in the present study, followed by physical problems, problems with daily life
activities, and psychological problems and speech problems. The burden of cognitive
problems in the TBI population is well known [2], yet provision of physiotherapy con-
tinues to dominate. In the present study, physiotherapy was delivered to nearly half of
the patients who did not report physical problems, which raises concerns regarding the
appropriate allocation of rehabilitation resources. Our finding might be related to the fact
that physiotherapy services are the ones most available across countries. In addition, the
health payer system (a health care system, insurance companies and similar), may offers
easy-access and full reimbursement for this service [9]. However, a detailed description
of physical functioning and impairments beyond coarser mobility impairments was not
included in this study, and these impairments could require physiotherapy.
In contrast, psychological services were provided to less than one-third of the individ-
uals reporting psychological problems, representing the service with the lowest coverage
of existing needs. Psychological problems may develop for various reasons, including
as a result of the brain injury, secondary to other problems in functioning or because of
unmet health care and rehabilitation needs related to the TBI, such as a lack of meaningful
activities at an appropriate level or problems coping with injury consequences [10]. Ac-
cording to Jennekens et al.’s systematic review [19], a ‘prerequisite for offering adequate
help is that health care providers understand the needs of these patients.’ The present
results clearly underscore an urgent need for a stronger focus on monitoring psychological
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domains during TBI rehabilitation and the adjustment of rehabilitation service delivery to
meet the needs of the TBI population.
Inpatient rehabilitation services were provided to 30% of the present population, and
unsurprisingly, the highest coverage was extended to individuals admitted to the ICU, who
are assumed to have the most severe injuries. Rehabilitation is considered highly beneficial
for individuals after TBI; however, only 15% of patients received outpatient rehabilitation,
which is considerably low given the long-term rehabilitation needs in the TBI population
evidenced in earlier studies [10,54].
The applied model showed a good predictive ability and indicated that the probabil-
ity of receiving rehabilitation depends primarily on injury-related factors, such as brain
injury severity and impaired outcome domains. Consistent with our second hypothesis,
injury severity, as well as physical and cognitive problems did increase the probability of
receiving rehabilitation services, yet psychological problems decreased this probability.
It is particularly worrisome that patients with psychological problems—assumed to be a
vulnerable population—receive insufficient health care services [20].
Contrary to our second hypothesis, age, sex, and geographical regions (North, West
and Southern/Eastern Europe) did not predict the probability of receiving rehabilitation.
One possible explanation for this finding is an increased focus on the equality of health
care during the last decade. In particular, the provision of rehabilitation services for
those with severe injuries is supported by the current literature, which demonstrates
improved outcomes for patients with severe TBI who complete specialized in-patient
rehabilitation [5,55]. However, the above-mentioned findings are not entirely consistent
with previous research [7,10,12] and should be interpreted with caution. It is worth
mentioning that we used self-reports to assess the rehabilitation provision, which may
have introduced a bias, as discussed in the limitation section.
Overall, the present study highlights an inadequate provision of services, which leads
to a high prevalence of unmet rehabilitation needs and emphasizes the necessity of more
extensive and standardized assessment of functional impairments and corresponding
rehabilitation needs. This finding may provide a starting point for further development of
personalized and targeted interventions following TBI.
Strengths and Limitations of the Study
The present study’s strengths are its large sample size and the number of participating
European countries, which together render a robust overview. Nevertheless, the study also
exhibits some limitations.
Firstly, patients with the two lowest functional recovery statuses were combined into
one category, as the questionnaire version of the GOSE applied in the study cannot dis-
tinguish between vegetative status and severe disability. Further, functional impairments
and the use of rehabilitation services were based on self-reports from the participants. By
including the subjective experience of patients in a patient-centered rehabilitation, greater
satisfaction, better adherence to treatment, and improved outcomes can be achieved; nev-
ertheless, self-reported information can be biased [56], especially in those with impaired
memory and self-awareness deficits [57]. To overcome this limitation, future studies, should
combine self-reports with objective administrative data and clinical evaluations.
Secondly, overall, more than half of the initial group of patients did not provide infor-
mation on different aspects of functioning and rehabilitation services. Among those were
mostly male; they also had fewer years of education on average and resided predominantly
in Western and Northern European countries. They were mostly admitted to the ICU,
had significantly more severe injuries and suffered from more severe disabilities post-TBI.
These findings suggest that non-participation could be related to an inability to complete
self-report questionnaires due to cognitive impairments. Utilizing the perspective of the
families or caregivers could allow for the inclusion of more severely injured patients. At
the same time, however, it would likely introduce other biases such as the overestimation
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of problems—this may be related to a proxy’s inability to accurately assess a patient’s
problems or the proxy’s own perceptions of what is important.
Thirdly, to avoid losing statistical power, the study imputed missing predictor values
using the MICE procedure. Nevertheless, the influence of the imputed values was negli-
gible, since in the final model only injury severity (GCS) and brain injury severity (brain
AIS) were retained. Both variables initially showed 3% and 1% missing values, respectively.
Furthermore, even if a stepwise selection procedure for model building is sometimes criti-
cized, backward selection appears to be the best of all stepwise approaches [43,58], and the
bootstrapping validation prevented the drawing of premature conclusions.
Finally, distinguishing between in- and out-patient rehabilitation was not possible in
the regression model due to the relatively low number of observations. Therefore, future
studies should provide a broader overview of various rehabilitation types by differentiating
between in- and outpatient rehabilitation programs.
5. Conclusions
This study indicates numerous unmet rehabilitation needs across different outcome
domains for individuals with moderate-to-severe disabilities after TBI. The study results
emphasize the necessity of more extensive multidimensional and standardized assess-
ments of functional and psychological impairments and the provision of corresponding
rehabilitation services. Moreover, targeted rehabilitation programs aimed at improving
outcomes should involve psychological services to meet the needs of individuals after TBI.
Future research studies, which take into account objective administrative data, clinical
evaluations, reports of caregivers and, as well as patients reports, will further improve
knowledge about rehabilitation needs and services for TBI patients.
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Appendix A
The Appendix A contains additional tables.
Table A1. In- and out-patient rehabilitation provided at 3 and 6 months after TBI by clinical pathways.
Rehabilitation
3 Months 6 Months p
ER Ward ICU Total ER Ward ICU Total











In-patient 2 (2.6%) 36 (13.3%) 303(35.3%)
341










Missing 18 (23.7%) 71 (26.2%) 320(37.3%)
409
















Note. Percentages may contain rounding errors in the second decimal place. ER = emergency room; ward = hospital ward; ICU = intensive
care unit; p = p-values are obtained from a two-dimensional chi-square test comparing distributions of the clinical care pathways in
rehabilitation groups at three and six months and are significant at <1.7% (Bonferroni-adjusted alpha level for multiple comparisons:
0.05/3).
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